The effect of propofol infusion on the stress response was studied in patients undergoing coronary artery bypass graft (CABG). Ten patients received propofol infusion during cardiopulmonary bypass (CPB) and ten controls received diazepam. Blood levels of cortisol, adrenaline and noradrenaline were sampled. There was a significant reduction in all three hormones (P< 0.05) in the study group. In addition, the amount of sodium nitroprusside used during CPB was significantly reduced (P< 0.05).
surgery in this hospital) or a propofol infusion of 4 mg.kg-I.hr-I during CPB. There were ten patients in the control group and eleven patients in the propofol group.
Anaesthesia
The patients were premedicated with morphine 0.1 to 0.15 mg.kg-I , hyoscine 0.2 to 0.4 mg intramuscularly (IM) one hour before surgery. All patients had received their routine anti-anginal and antihypertensive medications on the morning of surgery.
On arrival in the operating theatre, venous access was established. Routine invasive monitoring lines were inserted under local anaesthesia; a radial arterial line and a right internal jugular triple-lumen central venous catheter. In addition, a venous cannula (16 gauge) was inserted into the left external jugular vein for collection of blood samples.
Anaesthesia was induced with thiopentone 1 to 3 mg.kg-I and fentanyl 10 to 20 p.g.kg-I. Intubation was facilitated by suxamethonium 1.5 to 2 mg.kg-I. Neuromuscular blockade was maintained with pancuronium 0.1 to 0.15 mg.kg-I. Nasopharyngeal and rectal temperature probes and a urinary catheter were then inserted. The lungs were ventilated with nitrous oxide, oxygen (Fi0 2 0.5) and isoflurane 0.5 to 1070. Incremental doses of fentanyl (50 to 100 p,g) were given as clinically required. All patients received an infusion of glyceryl trinitrate (GTN) at 1 p,g.kg. -I.min -I which was started prior to induction.
Cardiopulmonary Bypass
A standard CPB technique was used in all patients. Prior to the establishment of CPB, a baseline activated clotting time (ACT) was measured and heparin 300 IUkg-1 was given to obtain an ACT of 3x baseline or more than 400s. The extracorporeal system (Capiox®, Terumo membrane oxygenator and Sarn's roller pump) was primed with Hartmann's solution 700 ml, Ringer's lactate 1000 ml, mannitol 50g, sodium bicarbonate 8.4070 72 ml and heparin 500 10. Bypass flow rates were maintained at 2.4 l.min -I.m -2 and patients were cooled to 28 QC. Nonpulsatile perfusion and alpha-stat acid base management were employed.
On initiation of CPB, bolus doses of morphine 1 to 2 mg and pancuronium 2 to 4 mg were given into the pump.
Once per fusion pressures on CPB were stable for five minutes, management of the two groups differed. The control group was managed according to standard practice for cardiac surgery in this institution with diazepam 0.1 mg.kg-I given on cooling and again on rewarming. The study group received a propofol infusion at a rate of 4 mg.kg -I.hr-I via the multilumen central venous line when pump flows and mean perfusion pressures (50-70 mmHg) were stable. The infusion was stopped when the decision to separate from bypass was made. The duration of infusion and total amount of propofol was recorded.
In both groups, mean perfusion pressures were maintained between 50 and 70 mmHg with either an infusion of sodium nitroprusside (SNP) or incremental doses of metaraminol as clinically indicated. On completion of coronary artery grafting, the patients were rewarmed, additional morphine and pancuronium given, the heart restarted and when an adequate cardiac output was achieved, CPB was discontinued. Protamine sulphate (3 mg.kg-I ) was administered to restore normal coagulation.
Postoperative Management
After separation from CPB, blood, colloids or crystalloid solutions were transfused according to cardiovascular status and haematocrit levels. The lungs were ventilated with air and oxygen with isoflurane o to 1070 until completion of surgery.
Analysis
Blood was collected at the times shown in Table 1 . Where CPB did not exceed 90 minutes, samples 7 and 8 were omitted. All samples were immediately protected from light, centrifuged in a refrigerated centrifuge and plasma samples were stored at -70 QC until assay, while blood samples for propofol were kept at 4 QC until analysis.
Analytical Methods
Plasma cortisol was quantitated using a solid phase 125 1 radioimmunoassay Coat-A-Count® from Propofol was quantitated using a method similar to that described by Gepts et aP. We modified the extraction method by using solid phase extraction (SPE) tubes (Supelclean LC-I8, 1 m!). Analyses were done by using reverse phase HPLC with fluorescence detection.
Statistics
Data was analysed using the Student's t-test, Chi square and repeated measures Analysis of Variance. A level of significance of P<0.05 was used.
RESULTS
The anthropomorphic characteristics of the patients, duration of CPB, and intensive care unit (lCU) stay are shown in Table 2 . There was no significant difference between the two groups. [1] [2] [3] [4] [5] Propofol concentrations increased rapidly with the 4 mg.kg-1 .h -1 infusion to reach concentrations of more than 1 ILg.ml-1 by 15 min. The whole blood propofol concentrations at specific time periods are shown in Figure 1 . 
Cortisol
The levels of cortisol in both control and propofol groups were well within normal reference range 0800 hrs: 180-690 nmol.l-1 , 2400 hrs: 55-345 nmol.l-1 , Department of Laboratory Medicine Pocket Handbook, National University Hospital) at the start of sampling five minutes before CPB (172.7 nmol.l-1 and 195.3 nmol.l-1 respectively). Plasma cortisol levels rose steadily following onset of bypass in the control group but stayed within the upper limit of normal. In the propofol group, plasma cortisol levels rose to one and a half times pre-bypass levels but were significantly lower (P<0.05) than those in the control group, with the most marked differences seen 60 minutes and 90 minutes after initiation of CPB and in the first half hour after CPB even though the propofol infusion was stopped just prior to termination of CPB ( Figure 2 ).
Adrenaline
Cardiopulmonary bypass provoked marked increases in adrenaline levels in the control group while adrenaline levels in the propofol group showed minimal rise. The differences in levels were highly significant (P<O.OI) 15 minutes into CPB and remaining so till 15 minutes after cessation of CPB (Figure 3 ).
Noradrenaline
Cardiopulmonary bypass was associated with significant differences between the control and propofol group (P < 0.05). As CPB progressed, there was a decrease in the plasma levels of noradrenaline in the propofol group (Figure 4) ; the lowest being less than half of the pre-bypass level. 
Sodium Nitroprusside
When the total amount of vasodilator used was compared, the control group used significantly more (P<0.05) sodium nitroprusside; 9.7 ± 9.79 mg while the propofol group used 1.13 ± 2.23 mg (Table 3 ). 
Metaraminol
There was no significant difference in the total amount used during CPB in the control or propofol group; 1.00 ± 1.49 mg and 3.09 ± 4.25 mg respectively.
Morphine and Fentanyl
There was no significant difference in the total amounts of fentanyl and morphine given during the pre-bypass and CPB periods in both control and propofol groups (Table 4 ). 
Amount of fentanyl and morphine used

DISCUSSION
It is a well established fact that surgery provokes a generalized stress response. The hormones released include adrenaline, noradrenaline and cortisol 6 • The abnormal physiologic state of CPB evokes an even more marked adrenergic response. The precise mechanisms are unknown. However, several factors have been implicated in the rise of catecholamines during CPB. These include hypothermia, haemodilution, hypotension, hypovolaemia, nonpulsatile pump flow, myocardial ischaemia and tissue hypoperfusion. Additionally, the clearance of catecholamines may be reduced during CPB. The heart and lungs which are sites of clearance of catecholamines are excluded from the circulation during CPB. Hypothermia, commonly employed during CPB, slows down all enzymatic reactions.
Various techniques have been employed to maintain anaesthesia during CPB. They include high-dose opioids, combinations of opioids and benzodiazepines and volatile anaesthetic agents such as isoflurane. In spite of these techniques, many studies still report a marked stress response during CPB 2 -4 • It has been postulated that the depth of anaesthesia may be inadequate during CPB 7 • Flezzani et al showed that isoflurane had a dose-related effect on cortisol levels during CPB in patients undergoing CABG 7 • In another study, continuous infusions of fentanyl and alfentanil during CPB were compared 8 • Plasma cortisol levels decreased significantly in both groups prior to CPB but an increase was observed during CPB. However, this increase did not reach statistical significance. Samuelson 9 demonstrated an obtundation of noradrenaline response to CPB with continuous enflurane administration compared with two different sufentanil regimes.
Propofol infusion has been demonstrated to be a safe anaesthetic technique for patients with good left ventricular function undergoing CABG IO ,II. We used a propofol infusion of 4 mg.kg-I.h -1 during CPB and produced a blood concentration of greater than 1 ~g.ml-l by 15 minutes of commencement of propofol infusion 12,13. It is generally accepted that a level of 3 ~g.ml-l is associated with clinical anaesthesia and patients in non-cardiac surgery wake up at blood level concentrations of 1 ~g.ml-l. In our study as in that of Masseyl2, the mean blood levels of propofol exceeded 1 ~g.ml-l. These levels combined with the hypnosis of a morphine and hyoscine premedication and the hypothermia of CPB should have been sufficient to produce hypnosis. We have no reliable means to measure awareness during CPB; however, to our knowledge none of the patients were reported by our surgeons to be aware. It certainly would be interesting to expand this study and compare the incidence of awareness in both groups as the numbers in our study are too small.
We were able to demonstrate an attenuation of all three hormones, adrenaline, noradrenaline and cortisol compared to the control group. In the control group, catecholamine levels rose steadily throughout CPB and fell after cessation of CPB. Although we did not attempt to relate the levels of plasma catecholamines to events during the surgery, the trend is similar to what has been shown in previous studies I. In the control group, there was a greater rise in the adrenaline than the noradrenaline levels. It has been suggested the predominant humoral response to CPB is the adrenomedullary release of adrenaline. However, in the propofol group it was noted plasma noradrenaline levels were markedly decreased, the lowest level being less than half of pre-bypass levels.
Consistent with other studies 8 , the cortisol levels showed an initial decrease after the onset of CPB in both groups, which has been attributed to haemodilution'. In both groups plasma cortisol started to rise after the initial decrease and continued to rise in the post-bypass period. We did not continue to measure the plasma cortisol levels beyond the 35th minute after cessation of bypass. This trend is consistent with the findings of Flezzani et aF.
The amount of sodium nitroprusside used during CPB was compared in both groups. It was shown that in the control group the amount of sodium nitroprusside used was significantly more (P<O.05). The attenuation of the plasma catecholarnines would definitely play an important role in this as adrenaline and noradrenaline both have alpha-and beta-adrenergic agonist properties. Alpha-adrenergic stimulation results in an increase in the systemic vascular resistance and perfusion pressure during CPB. In addition propofol has been shown to decrease systemic vascular resistance 14 • 15 • We also compared the amount of metaraminol in both groups and have not shown the amount used in the propofol group to be significantly different from the control group.
There are also myocardial implications for the increased catecholamines during CPB. During aortic cross-clamp, the increased mean arterial pressure could contribute to cardioplegia wash-out by noncoronary collateral circulation. Increased myocardial metabolism can occur and during myocardial reperfusion cause coronary vasoconstriction and contribute to arrhythmias. These seem to be theoretical concerns and has not been borne out by outcome studies in CABG patients.
Are there any significant advantages in obtunding the stress response to surgery? We do know that the endocrine response results in substrate mobilization, catabolism with a negative nitrogen balance and retention of salt and water. The magnitude of this response is proportional to the severity of the operative trauma. Presently there are no known outcome studies in CABG patients showing the advantage of attenuating stress response during CABG. However, in an interesting study, Anand 16 demonstrated that deep anaesthesia and postoperative analgesia with doses of opioids attenuated the stress response. He also observed differences in postoperative morbidity and outcome in both groups. Unfortunately the clinical trial was too small to make any definite claims.
